is used [5]. The improvement is achieved adding another prediction obtained from the
second previous de-interleced fields; the improved coding scheme will consists of the
following coding modes: intra-field, and motion compensated inter-field modes obtained
from the two previous de-interlaced fields. The second inter-field mode requires a second
frame memory both in the encoder and decoder.

If the second inter-field prediction is not added, the coding efficiency is significantly
reduced; the advantage of de-interlaced pictures over the interlaced ones is present only
at very low bit-rates, less than 0.1-0.2 bit/pel depending on the sequence. This is caused
by the de-interlacing process which introduces interpolated samples in alternated
oositions of adjacent fields This is surmounted if two previous de-interlaced fields are
Jsed for the prediction.

n conclusion, the de-interlaced pictures can be coded with the improved coding scheme,
and at low bit-rates, with the same amount of bit of the interlaced ones, even though they
rave a double number of samples. If confirmed by future results, this feature indicates
hat it is possible in an intermediate time, to produce and process interlaced TV signal in
“he video studios and to encode and broadcast progressive TV to the user. A professional
le-interlecer would be placed at the encoder side and would allow a high quality de-
interlacing process. The bandwidth of de-interlaced pictures is double, therefore it
presents with respect to interlaced pictures, the same coding noise advantages indicated
above for progressive pictures. Moreover, the de-interlaced process does not increase the
source noise which will be :he same on interlaced and de-interlaced picture. Therefore,
t1e reduction of coding perfcrmance caused by the noise is the same with both formats.

£, CONCLUSIONS

Frogressive formats providz higher picture quality, avoiding the artefacts typical of
interlaced signals and facilitates the picture processing, ie. filtering, down and
conversion, etc. Moreover, multilevel coding systems take advantages in terms of
complexity and quality at all them resolution levels using progressive formats.

L nfortunately, a severe limitation in the performance of tube and CCD cameras is caused
adopting the progressive forrats, but this drawback could be important only for the HDTV
cameras.

At low bit--ates, useful to delver the signal to the user's home, the coding efficiency using
progressive format sequence:s obtained by a progressive camera with the same vertical
resolution as an interlaced camera is about twice that of interlaced sequences. This
means that the same channel could provide the user with an interlaced or a progressive
p cture affected by the same: coding noise. The effects on the coding efficiency of the
d fferent ricise performance of interlaced scanning camera and progressive scanning
ciamera have not been consicered.

On the other hand, the progressive picture presents a higher picture quality, due to the
lack of line-twitter and line-crawling artefacts, and facilitates the receiver processing, as
temporal or spatial up-conversion, slow motion, etc. Moreover, if the progressive and
interlaced pictures are dispiayed on the same monitor via up or down conversion,
piogressive picture has objective and subjective SNR advantages because of its double
bandwidth.

Preliminary results indicate that also the de-interlaced pictures can be coded, at low bit-
rates, with the same amount of bits of the interlaced ones. If furtherly confirmed, it is
possible, in the interim period, to produce and process interlaced pictures in the video
st udios and then to convert them, and to encode and broadcast progressive pictures. A



professional de-interlacer would be placed at the encoder side and would allow a high
¢juality de-interlacing process.
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FURTHER RESUL rs oN THE COMPARISON OF CODING EFFICIENCY
BETWEEN PROGRESSIVE AND INTERLACED FORMATS

Introduction

Progressive format is considered superior to the interlaced format as picture quality and more
convenient for signal processing. Doc. SRG-068 reports some preliminary results, based on
the sequence "Renata”, concarning the comparison of the coding efficiency between the two
rormats. These results demonstrate that the coding efficiency is higher for the progressive
picture, vertically filtered in or Jer to present the same vertical resolution of the interlaced one.
IMoreover, at the low bit-rates as required for secondary distribution, the coding efficiency for
the progressive format is aboit twice that for the interlaced one. This allows the transmission
of a progressive picture wity the same channel capacity as for the transmission of an
interlaced picture.

This document extends the study of the previous one, providing results based on other
iequences and introducing th 2 weighting matrix.

Viethodology

_Fhree pregressive sequences have been used: “Renata”, "Street dance”, "Flags waving". The
“irst has been shot in the RA - Research Centre and has been conSIdered in the doc. SRG-
1)68; the other two sequences have been kindly provided by the NTL - UK.

The progressive sequences have been vertically filtered to simulate the vertical response of an
nterlaced camera, They are named “progressive filtered". The interlaced sequences, used as
eference, have been obtained by tempo-vertical down-sampling of the progressive filtered
sequences. Consequently, the vertical resolution of the progressive filtered and interlaced
sequences is the same.

The same hybrid-DCT codiny system with the intra / MC inter coding modes has been used
or progressive filtered and in‘erlaced sequences; the MC inter mode in the interlaced system
ncludes both motion compénsated interframe and interfield modes. Two different quantization
>f the DCT coefficients have been considered. A fixed linear quantizer without any weighting
sharacteristics have been adopted, as in the above quoted document. Moreover, in order to
est more realistic working condition, a fixed quantizer with weighting characteristics has been
Ised. The weighting matrix for the interlaced picture is that reported in CCIR Rec. 723; the




o1e used for the progressive filtered picture is obtained by the previous one by means of
theoretical consideration and it has not been optimised.

The coding efficiency is considered on Distortion versus Rate curves in the same conditions
illustrated in the doc. SRG-06€:: entropy value as measure of the rate, non-weighted Nrms/Spp
e (pressed in dB as measure ¢ the distortion.

Results

The Distortion vs. Rate curves for the luminance component of the "progressive filtered" and
"i~terlaced" pictures are depict2d in the figures 1 without weighting matrix, and in the figures 2
with weighting matrix.

Ir the figures, the entropy valLe of the “progressive filtered” sequences has been doubled to
consider the double number of samples. So, the depicted curves can be compared
irimediately.

The “"progressive filtered" picture required about the same transmission capacity of the
"interlaced” picture at about 0.t bit/pel or less for the luminance component.

V/ith the weighting matrix this ' alue results slightly decreased, probably because of the lack of
o>stimisation of the matrix usec for the progressive signal. Nevertheless, in this case also the
p ‘ogressive signal is worth cor sideration.

Conclusion

The results shown in the prev ous section confirm those reported in the doc.- SRG-068. The
pogressive pictures, obtained by a progressive scanning camera with the same vertical
re:solution of an interlaced scarining camera can be coded with about the same amount of bits
axd the same distortion (SNF') required by the interlaced picture in the range of bit-rates
u seful for the secondary distrit-ution. If both progressive and interlaced pictures are displayed
01 the same monitor using 1p-down conversion, a SNR gain of 3 dB in favour of the
p ogressive picture will be obtzined. Nevertheless, this gain could be partially concealed if the
d :coded picture presents artefacts and not only white noise.

Frther comparisons of the v.oding efficiency of the deinterlaced signal with the original
irterlaced are planned. If the cading performance of the deinterlaced signal is close to that of
th e "progressive filtered" signe!, it could be possible to use an interlaced picture in the video
s'udio and to transmit a prograssive picture obtained inserting a professional deinterlacer in
front of the codec.
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ABSTRACT

This peper describes an HDTV camera sysiem implement-
ing the 1280 x 720 image format supporting the 750/60/1:1
produc ion standard. An interlaced HDTV camera has been
adapted to meet the proposed US HDTV progressive
standard. A new 1" video format, 16:9 aspe. t ratio progres-
sive scan, frame-iransfer (FT) CCD sensor with square
pixels was designed, and sensor incorporat:on and camera
adaptations were implemented. The new sersor is described
and the impact of the 750-line standard is liscussed. The
first prototype of this camera will be demonstrated at the
1996 NAB show.

INTRODUCTION

The CCD image sensor was introduced into broadcast cam-
eras arbund 1986. In 1992 the first HDT'/ CCD camera
system to meet the proposed (European) E1/REKA HDTV
standar 3 was introcuced "), This LDK 9000 :amera system,
design¢ d by Broadcast Television Systems BTS), is based
on a 1" frame-transfer sensor that was devel-oped to support
the 12£0/50/2:1 interlaced European standard as well as the
new A:nerican 1920 x 1080 format 1125/61)/2:1 interlaced
produc ion standard. This camera has been :sed for the pro-
ductior of test material by the Advanced Television Test
Center,

The Acvisory Committee for Advanced Tele vision Services
(ACATS) recently released its proposal for = new U. S. tele-
vision standard commonly referred to as HDTV 2 The
development of a progressive scan format for HDTV has
been diven by concerns such as compatibility with com-
puter systems, ease of compression, freedcm from flicker
(especially with graphics), and better temporal resolution.
As discussed in the ACATS process, the interoperable and
extensible HDTV system can serve not onlv entertainment
and tel :vision, but can also offer economic and qualitative
benefit; to education, health care and humai: services, com-
mercia enterprise, and the information infrastructure.

Severa factors were considered critical to «hieving inter-
operab lity 1 One of these factors is the us : of progressive

scan square pixel image formats in capture, transmission,
angd display. Thereby, the television equipment can be ex-
tended to and stimulated by applications in computer
communications, high quality imaging, synthetic imaging,
animation, motion pictures, and so forth. The information
infrastructure needs an image architecture that eases ex-
change between industries and applications.

Significant technical hurdles have acted as barriers to de-
ploying a progressive scan HDTV system. Nonetheless, the
Grand Alliance did incorporate progressive scan among
their formats. Most experts agree that a progressive scan
system is ultimately desirable and certainly inevitable in the
proposed lifetime of HDTV, though the time frame is
debated.

The major technical hurdle has been the difficulty in pro-
ducing a progressive scan camera of comparable sensitivity
and specifications to a studio quality interlace scan camera.
Existing commercial and prototype cameras have been
inadequate. Indeed, the existence of adequate component
technology has been in doubt. Herein laid the motivation
for our research and development efforts.

Through a cooperative effort between the Polaroid Image
Sensor Technology Division and BTS the LDK 9000
HDTV CCD Camera system was recently adapted for the
progressive 1280 x 720 standard (750/60/1:1). A new
frame-transfer sensor meeting this standard was developed
at Polaroid to be optically, electronically, and mechanically
compatible with the previous interlaced sensor, although
differing in image format and timing. The main adaptations
of the camera system performed by BTS included the fol-
lowing elements:

- Camera/sensor pulse generator
- Camera Processing Unit pulse generation
- Vertical contour delay
- 7 inch view finder
Apart from the above-mentioned functions, minor adapta-

tions were made in several areas to meet the timing specifi-
cation and to optimize sensor performance.



Parameter Value
Aspect Ratio 16:9
Intcrlace 1:1 (progre:sive)
|_Fie d frequency 60 Hz o
Total number of lines 750
Nu'nber of active lines 720
Line frequency 45,000 Hz

Total line time 22.222 pser- (1650 samples)

17.239 psec: (1280 samples)

Active line time

Ho'izontal blanking 4.983 psec 1370 samples)
Sarple frequency 74.25 MHz
Syt ¢ pulse Tri-level

Tz ble 1. Main characteristics of the 750/6(/1:1 1280 x 720
production standard

PROPOSED 1280 X 720 PROGRESSIV E TELEVISION
STANDARD

Interiace scanning has proven to be an effi.:ient way of sam-
pling pictures. The flicker perception « f the human eye
demends a refresh rate of the CRT of at east 50 times per
secot d to prevent large area flicker. In oider to save band-
widtt , it was decided to refresh alternately the odd lines and
even lines, thus doubling the vertical resciution for a given
signal bandwidth. This means that for a given signal band-
widtl the number of pixels in an interlac: standard will be
twice the number of pixels in a progressive system, resulting
in a tetter static resolution.

But interlace scanning also shows some well-known arti-
facts. especially ‘with moving pictures:

- T is impossible to combine two fields 10 one picture for
moving objects, as each field comes from a different
moment in time. This is a major draw back for creating
still pictures from a moving scene, anc for video to film
ir ansfer.

- While, with proper filtering, the fraine can be nearly
frze of aliasing, each field may contain aliasing since it
has only hall of the samples in the - ertical direction.
Tae human eye has to integrate out aliasing effects per
fizld, to see the full frame resolution o! the picture. This
re sults in small area flickering at field rate. The cancel-
ling of aliasing between fields oniy holds for still
p ctures.

- liven at slow vertical movement of e line per field
v.rtical aliasing is dramatically increa-.ed. This is espe-
c:ally visible on slowly moving almo- t horizontal lines
ir the picture.

With the move to digital television, the porformance of the
comg ression sys:em becomes critical. C.mpression of in-
terlac ed signals is more complex and per‘orms worse than
comj ression of progressive scanned sign.:Is, where the en-
tire 1nage is sampled at the same time.

2/8

The 750-line 1280 x 720 format progressive scan standard
provides a good, practical solution to the problems of inter-
lacing while obtaining excellent compatibility with inter-
laced HDTV . The key characteristics of this standard are
given in Table 1 &,

Several features of this standard greatly add to its
practicality. Firstly, the picture format uses exactly 2/3’s
the horizontal and vertical pixel counts of the interlaced
standard for ease in resampling. Next, the field and pixel
frequencies are identical allowing the use of the same pro-
duction equipment. In addition the line time is 3/4’s that of
interlaced potentially easing analog delay designs. Finally,
adequate horizontal and vertical retrace intervals are
allowed.

CCD SENSOR

The CCD sensor was designed specifically for progressive
scan high definition video applications. With square pixels,
an active array of 1280 x 720 pixels (1296 x 730 total pix-
els), a 16 mm diagonal for use with 1" format lenses, and
with 60 frames/second operating speed, this sensor is ideal
for the proposed 750/60/1:1 progressive-scan HDTV stan-
dard (Table 2). The frame-transfer architecture used pro-
vides high sensitivity, high fill-factor, no lag, and no smear
when used with a mechanical shutter wheel as in the LDK
9000. The imager (shown in Figure 1) consists of the im-
aging array with both active and dark reference pixels, a full
resolution storage section, a dual-channel horizontal regis-
ter, and two output buffers.

The imaging pixel (Figure 2) is a 3-phase buried channel

Parameter Value
CCD-type FT

Optical format 1 inch
Image diagonal 16 mm
Image area width 14.00 mm
Image area height 7.88 mm
Number of lines 730
Pixels/line 1296

Pixel width 10.8 um
Pixel height 10.8 um
Chip width 15.29 mm
Chip height 15.25 mm
Chip area 233 sq. mm
Output registers 2

Pixel output rate 74.25 MHz
Frequency H-clocks 37.125 MHz
Swing H-clock 5V
Frequency V-clocks 2.475 MHz
Swing V-clock 10V

Table 2. CCD characteristics
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device with integrated vertical anti-bloomir.g protection. It
is 10.8 x 10.8 microns square. The device is formed with
three polysilicon layers, one for each phase, with large open
areas (>33% of pixel) for enhanced blue !ight sensitivity.
The vertical N-type buried channels are scparated by P+
channel stops. The P-Well doping is modi:lated to form a
weak spot in the center of the channel that acts as the anti-
bloom:ng barrier, which turns on when the pixel fills up to
drain ¢ xcess photocurrent down into the 1:.ghtly N- doped
epi layer. The storage pixel is configured similarly, al-
thougt it uses wider poly gates for greate: charge storage
densit:. Thus the storage pixel could b made smaller
(9.0x1 ).8 microns).

Since his sensor was designed to be compatible with the
alread: existing camera, the process was c:refully adjusted
to give proper operation at the supplied cloc < voltages. This
was ccmplicated by the large number of fiinctions that the
pixel riwst implement: light absorption, c!:arge collection,
vertical overflow drain, charge transport, . nd charge reset
(frame clear) for exposure control.

High vertical transport shift frequency (2.-75 MHz) is re-
quired to move the charge from image tc storage section
during the brief optical blanking period :rrovided by the
shutter wheel. This frequency is by nece:sity higher than
that ured in the interlaced design becausc there are more
lines t» move (730/frame versus 589/fieid) Two-level alu-
minun: wiring was used to shunt the polys licon gate resis-
tance: resulting in less than 1 chm equivalent series
resistance. This allows the roughly 6 nf c.ipacitive load to
be dri ren at the rzquired speed. Narrow :luminum straps
conneting the poly gates run over the chaanel stops in the
imaging section so that they have minima impact on light
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Figure 2. Imaging pixel top view (left) and cross-section (right).
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sensitivity. Care was taken in their design to ensure that no
fixed pattern artifact such as stripes was introduced by the
straps. These are connected by busses on the second alu-
minum layer running across the storage section as shown in
Figure 3. These busses are tied to package leads at each end
to further lower series resistance.

During readout the charge is shifted one line at a time from
the storage section into the horizontal registers. These
charge packets are split up into the two registers on an even-
odd column basis, using just a single transfer gate. The two
registers operate in parallel at one-half the pixel frequency
(37.125 MHz). The charge is transported along the 4-phase
buried channel register to the matching sense nodes. The
camera provides 4 phase clocking with 4-5 volt amplitudes,
which posed a greater challenge in this design because the
square pixels are wider and hence the horizontal gate length
is greater reducing the fringing fields which assist charge
movement. Extensive simulation was performed to ensure
that excellent horizontal charge transfer would be achieved
even at high clock frequencies.



Parameter Value

Senitivity (at sense node) 14 uv/e-

Amlifier gain 04

Noi ie after DLP in 30 MHz 33e-

Bandwidth output 150 MH:
Quzntum efficiency (peak) 26%

Senitivity with BG40 2150 e-lux
Overexposure 100,000 <

Full well capacity 40K e-

Dyr amic range 62 db

San pling frequency vertical 92.6 line: pairs/mm
San pling frequency horiz. 92.6 line bairs/mm
Image lag none

Smear (incl. camera) none

‘Table 3. CCD Performanc

The output buffers are fairly conventional three-stage
sourc :-follower design. All three drive ti ansistors are sur-
face i:hannel, giving high transconductarce for low noise
operation. The bandwidth (>120 MHz) i+ high enough to
ensur: accurate signal transmission. The -ayout of the two
buffe s was arranged to ensure they would match even with
layer to-layer misalignment during fabri :ation. The two
video output signals are combined in the vi leo pre-processor
using the delay line principle (DLP).

Measured performance of the initial sam ples of the CCD
senscr is summarized in Table 3.

OPTO-MECHANICAL DESIGN

The ¢ pto-mechanical system of the 1" CCD HDTV camera
is designed to use lenses with a maximum aperture of f/1.2.
The system consists of (from front to bacl ): seal glass, IR-
filter retardation plate, shutter wheel, tw-: 4 position filter
wheels (for effect and ND filters), beain-splitter, optical
low [ ass filters and sensors. In the adapta:ion of the optical
syste n to the progressive format, in addit:on to the sensors
only 'he optical low pass filter was chang: d.

Mod ilation Transfer Function

The nodulation transfer function (MTF) of the camera is
deter nined by the lens, optical low-pass filter, aperture of
the i nage cell, and the electrical sampl:-and-hold. The
MTF of the lens at f/4 is mainly diffraciion limited. The
MTF of the optical low pass filter is cosine shaped. The
aperture of the image cell and the sample and hold both have
sin(x)/x characteristics. Based on this m«del one expects a
MTF of 47% for a sine wave at 27 MHz, -ersus a measured
valu¢ of 50% (Figure 4).

Alia:ing

A CCD-camera is a two-dimensional spaiial sampler. The
king:. of fashion do not care about Nyquis: nor does Nature!
Ther :fore in everyday life the Nyquist ¢ ndition - that the
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Figure 4. The modulation transfer function (MTF) of the camera.

Shown are the separate contributions of lens, optical low-pass filter
(O-LPF), aperature of the pixel, and the sample-and-hold.
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Figure 5. Shown are the MTF of the camera-head and the residual
aliasing due to folds at the pixel sample frequency of 74.25 MHz

maximum frequency of the optical signal must be below
half the sampling frequency - will be violated. This will
cause Moire, or aliasing, patterns, which will create low-
frequency patterns the eye is very sensitive to.

The frame-transfer image cell has a large aperture and there-
fore has intrinsically good horizontal and vertical aliasing
behavior for higher spatial frequencies (greater than the
Nyquist frequency). An optical low-pass filter helps to re-
duce aliasing further, especially at lower frequencies, by
introducing dips (or notches) in the MTF. These dips must
be at the vertical sampling frequency (92.6 line-pairs/mm)
and at the horizontal sampling frequency (74.25 MHz, or
92.6 l-p/mm) for maximum effect (Figure 5). The need for
a vertical anti-alias filter is unique to this progressive scan
camera, since interlaced CCD sensors typically have con-
siderable overlap in the even and odd scanning apertures
that performs a similar function at the cost of vertical
resolution.
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VIDEO PROCESSING INCLUDING CONTOURS
Video processing in a progressive scan cainera is not very
different from the processing in an interlaced camera. The
proces;ing of the LDK 9000 camera has aiready been de-
scribedl in an earlier paper M 1t consists of a part in the
camer:. head (Figure 6), and further proces .ing in the cam-
era prc cessing uni: (CPU) (Figure 7).

Important design objectives for the LDK 000 video pro-
cessinj; were:

- Gt in control gver full temperature rang :.

- High dynamic range.

- Headroom before highlight compressi-:n of more than

14 dB.
- 8i rnal/Noise deterioration due to vide« processing less
than 1 dB.
- High quality, reliability and operationa flexibility.

- L w power ccnsumption.

Operaiion following the 1280 x 720 progressive standard
calls for some specific adaptations as comp ired to the 1920
x 108( interlaced standard:

- Li1e time is changed from 29.6 usec. tc 22.2 usec. This
calls for different line delays in the contour delay unit.

- Active line time is changed from 25.8 usec. to 17.2 usec.
Th:s calls for a more accurate timing in the video pro-
ce:sing as timing errors will be mor: visible on the
display.
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- Vertical contours will look different -- the vertical con-

tour generation in a 1080 line system is field based, with
the OT, 1T and 2T lines 1/540 picture height apart. In a
720 line progressive system vertical contours are gener-
ated from lines with a spacing of 1/720 picture height.
This results in a higher vertical peaking frequency for
vertical contours in a 720 progressive system.

- Horizontal contours will have a lower spatial frequency

peak in the 1280 x 720 progressive scan system. This
can be changed by shortening the delay lines in the con-
tour processor, but there are practical limitations im-
posed by the lower Nyquist frequency of the 1280 x 720
system.
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Figure 8. Multicore Transmission : /stem

SIGNAL TRANSMISSIO v

The connection between camera and pr icessing unit is
forme 1 by an interconnection system of canle and electron-
ics specifically clesigned to maintain si; nal quality. A
multicore cable can be used for short disiances up to 300
meter: . For longer distances, the multicore cable can be ex-
tendec with a fiber optic system. Four ciaxial cables are
requir :d for the R, G, B and view finder vi.ieo signals. The
remaining signals (figure 8) could be multiy lexed into a sin-
gle bidirectional coaxial cable, or into tw:  separate single
directional cables. This latter approach is .sed to achieve a
simpl¢. interface with an optical fiber. Ad:itionally, power
wires are added, yielding a custom-mad: circular cross-
sectio 1 multicore cable.

The e ectronics provides automatic com;-ensation for all
multicore cable lengths between O and 30{ meters. This is
realiz«d by dividing the total compensatior: into a fixed part
and an adaptive part. The fixed part can compensate any
cable ength within an increment of 12.5 m The compensa-
tion cdetermined at power-up, by means of a successive
appro :imation measurement. The adapti: e part, which is
indepi:ndent in each channel and continu: .usly active, has
two functions:

- It has to compensate the last residual cz Hle length within

the: resolution of the fixed part,

- It has to compensate (the frequency dependant) loss dif-
ferences as caused by such things as temperature chang-
es of the multicore cable and differences between the
individual coaxial lines.

Delay differences between the coaxial lines is kept small by
using high quality coax: maximum 1.5 ns between R, G,
and B video signals at 300 meter cable length.

7 INCH VIEW FINDER

The main challenge in adapting the view finder to the pro-
gressive scan 1280 x 720 format was operating at much
higher line frequency (45 KHz) given limitations on power
dissipation and demands for high brightness and contrast. A
stable high voltage source is required to prevent "breathing”
at high beam currents and to secure high resolution
performance.

Although spatial frequencies are lower for 1280 x 720 than
for the 1920 x 1080 system (27 MHz bandwidth gives 780
TVL for 1920 x 1080 versus 520 TVL for 1280 x 720), fo-
cus assist is still a valuable tool for the camera operator.
Apart from peaking in the view finder, the HDTV camera
system is provided with two focus assisting tools:

- Magnifier: Momentary activation of this function en-
larges the center part of the image by approximately 1.6
times, filling the whole screen.

- Crawler: Small details in the picture are converted to a
more coarse structure, which gives edges and other fine
details a highly visible crawling pattern. Optimum focus
is obtained when this crawling serration reaches the
maximum intensity. It acts more or less like "peaking”
and can be used continuously.

CAMERA SYSTEM

The camera being presented is part of a complete system
configured for broadcast applications. The system, as mod-
ified for the progressive standard, consists of the following
system components:

Camera head

7-inch view finder

Camera Processing Unit (CPU)

Multicore cable

Master Control Panel (MCP)

Operational Control Pane] (OCP)

Lens

Accessories
The camera head has been designed as a compact, light-
weight, modular unit (Figure 9). The camera features two
four-position filter wheels with three neutral density filters
and two special effect filters.
The 7-inch view finder can be mounted on a optional
specially-designed support above the camera. The support

is designed to accept the lightweight camera combination.
The camera, with an optional 1.5-inch view finder, can be




Figure 9 Camera head

easily placed upon or taken out of this supj-ort, leaving the
support and 7-inch view finder on the tripo: .

The C*U is a 19 inch rack mountable comp.nent which is 3
standad units high. The device is constru:ted using stan-
dard E srocard PC boards and a rear connector panel with all
signal interconnection options commonly u-ed in broadcast
studio: .

The ccntrol panels follow the Series 9000 :ontrol philoso-
phy, ar used with all BTS standard TV cameras. The Master
Contrcl Panel gives access to most of the sei-up controls via
menus The Operational Control Panel (O(C’P) provides all
the op¢ rational control functions of the HDT'V camera. The
OCP is arranged with user-friendly dire :tly accessible
contro s.

The czmera can be used with a wide rang: of lenses built
with internationally standardized interfaces. The camera
presen ed is equipped with an 11 x 11 barre -type lens from
Fujino1. This heavier barrel-type zoom lens is supported by
standaid film-style accessories: a bridge plate underneath
the cariera accepts support rods, lens suppo:ts, matte boxes,
etc.

The miin camera system characteristics ar¢ summarized in
Table -}. Performance specifications are suramarized in Ta-
ble 5.

For picture evaluation during the developme nt period a Bar-
co color monitor, Reference Calibrator riodel 121, was
used. 'This monitor is capable of displaying 1280 x 720 pro-
gressive signals without effecting picture quality. Noise
measurements were done on the Rohde & Schwarz VNA
{Videc Noise Analyzer). The Tektronix 730HD Wave-
form nonitor was used.

- An electronic white balance range from 2500K to
15000K.

- Highlight compression in automatic and manual
mode.

- Black stretch in Y and R,G,B.
- Colorimetry according to EUREKA/EBU standard.
- 2-Dimensional contours.

- Electronic shutter with 5 and 2 msec exposure time.
Also 50 Hz and 60 Hz lighting positions are
available.

- Camera power consumption approximately 22 W.

Table 4. Main camera system characteristics

- Modulation Transfer Function of over 40% at 520
TVL (27 MHz) without contours.

- Limiting horizontal resolution of 700 TVL.

- Sensitivity of 1200 Lux at F/4.

- S/N ratio of S0 dB at a bandwidth of 30 MHz.
~ The max. lens aperture is F/1.2.

- Dimensions approx. 140 x 210 x 350 mm.

Table 5. Camera system specifications




CONCLUSION

We report here on the first CCD HDTV brcadcast camera to
demonstrate the newly recommended 1280 x 720 progres-
sive standard (750/60/1:1). A frame-transfer CCD was
custorn-designed, and a broadcast-quality :nterlaced HDTV
camera was modified to meet the progress: ve standard.

A prototype camera has been built and is demonstrated at
the 1996 NAB Exhibition. This camera ineets all specifi-
catior s as presentzd in this paper, and meet: all goals toward
proving the feasibility of the 750-line prigressive HDTV
standird.

The L DK 9000 system, with the 1250/50/.:1 standard, has
alreacy been in use for 4 years in Europe. During this time
these systems have been used, to complete satisfaction, at a
wide variety of cvents. A modified sysiem for the new
Amer .can 1920 » 1080 production standard (1125/60/2:1)
was vsed for the production of test matzrial by the Ad-
vanced Television Test Center. It is ant cipated that this
proven record of reliability and success v ill carry over to
the progressive scan camera.

This project represents a successful emboctiment of collab-
oration between industry, university, and r:search laborato-
ry to wccomplish more in a shorter period of time than any
one could do alore.
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Hon. Reed E. Hundt, Chairma:
FFederal Communications Commission
919 M. St.

*Nashington DC 20554

Dear Chairman Hundt:

At our meeting last week, you asked whether the compression that is used in transmitting a
nultiplicity of standard-definition programs in a single 6-MHz channel is affected by whether
“he video signals are in interlaced or progressive-scan format.

Several of my former student: have started a small company in San Francisco (Imedia Corp.,
425 Market St, Suite 2850 SF CA 94105) to develop compression technology for video appli-
ations such as Near Video on Demand (NVOD). At the recent NAB show, they demon-
strated a system for transmitting 24 normal-definition programs in a single 6-MHz channel
vith very good quality. The :ystem is MPEG-2 compliant. This is the highest compression
-atio I have heard about.

The question has arisen as to :he effect that the use of progressive scan or interlace has on the
ittainable compression ratio. [ contacted Dr. Ed Krause (edk@imedia.com) and he replied as
‘ollows:

Achievement of 24:1 compression depends on the original NTSC programs having been pro-
Juced on 24-fps film, as is very common in commercials and prime- time programming. As a
first step, the Imedia system reassembles the 24 original film frames from the 30 NTSC inter-
laced frarnes each second. The recovered ““film’’ image sequence is then coded as a progres-
sively scanned signal, the interlaced NTSC video being recreated in the receiver set-top box
using the 3:2 pulldown method for display on conventional receivers. Thus, the system
demonstrated at NAB was prcgressive scan.

In the case of most interlaced NTSC video shot on TV cameras, they achieve substantially the
same quality with 20 different programs in one channel, and in the case of fast-action sports
shot on an NTSC video camera, 15 different programs can be transmitted in one channel.
The conclusion is that it does not take any more channel capacity to transmit the progressive
material than to transmit the interlaced material. Depending on how one interprets Imedia’s
results, progressive transmiss.on is at least as good as interlace for compression, and perhaps
better

Phoie: 617-253-2579 FAX: 617-253-7302 E-mail: wfs@image.mit.edu



Dr. Krause and his associates were key people in the development of the GI all-digital HDTV
system. I have no financial interest in Imedia, although I do have a strong personal interest in
the success of my former siudents. I am serving as a consultant to the company, helping to
secure i:s intellectual propery.

Very truly yours,
- ‘ :7)\ Y,
e V— ‘ "j
Cc

Commr. James H. Quello
Commr. Andrew C. Barrett
Commr. Rachelle B. Chong
Commr. Susan Ness

Hon. Edward J. Markey
Mr. Richard K. Wiley

Mr. Larry Irving

Dr. Robert Pepper, FCC
Other interested parties
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THE POLAROID PROGRESSIVE-SCAN HDTV CAMERA:
Implications for the digital broadcasting standard

MM Docket 87-268
Dear Mr. Chairman:

On March 11, I wrote to you about the importance of not including an interlaced format in
the digital broadcasting standard due to be issued. Since then, a progressive-scan HDTV cam-
cra has been shown by Polaro:d at the NAB Convention, where it won the ‘‘Editors’ Pick-of-
the-Show’’ award. Further demonstrations are being given in Cambridge. This camera,
developed in the USA, in part with funds from ARPA, fully meets all the requirements for the
"'20x1280 Grand Alliance format. It has full resolution together with very high sensitivity and
t+ignal-to-rioise ratio.

“"he unique feature of this camera is the photosensitive CCD chip, developed by Polaroid.
""he chip has been placed in a modified Philips/BTS camera. It is a production-quality camera,
not a prototype. As such, it is ready for delivery. Polaroid has indicated its intention of sel-
ling the camera at prices slightly below that of the interlaced HDTV cameras now available
from Japanese and European manufacturers.

“"he importance of this camera cannot be overstated. Many of those pushing an interlaced
HDTYV standard have said that a full-quality progressive-scan camera was impossible to build
¢t present, and that we therefore must include an interlaced format in the coming standard. I
pointed out in my previous cornmunication that, if we permit interlaced transmission, we shall
probably never be able to make the transition to progressive scan, with its higher spectrum
¢ fficiency, superior rendition »f detail and motion, easier transcoding to other formats, and
¢nhanced computer-friendlines:

ihe last remaining argument jor including an interlaced format in digital television has now

leen removed. I urge you anc the other Commission members, in setting the new broadcast-
ing standard, to include only progressive transmission formats.

Phore: 617-253-2579 FAX: 017-253-7302 E-mail: wfs@image mit.edu



My opinion is that, if the Polaroid camera had been available for the ATTC tests, either the
AT&T/Zenith system or the MIT/GI system, both of which used 720x1280 progressive, would
easily have won the competition. In that case, the possibility of using the archaic interlace
scheme in the US ATV standard would never have arisen.

Very truly yours,

Ce:

Commr. James H. Quello
Commr. Andrew C. Barrett
Commr. Rachelle B. Chong
Commr. Susan Ness

Hon. Edward J. Markey
Mr. Richard K. Wiley

Mr. Larry Irving

Dr. Robert Pepper, FCC
Other interested parties



